ABSTRACT
INTRODUCTION
and aldehyde dehydrogenases, which in mice are regulated by the circadian clock and show 100 peak levels of expression during the active phase of the animals, when they are more likely to 101 be exposed to xenobiotics (i.e. at night) (Zhang et al., 2009) . Previous research has also found (Košir et al., 2013; Nakata et al., 2006) . The AhR, which forms part of the basic-helix-loop-122 helix (bHLH)-PAS family, dimerizes with the Ahr nuclear translocator (ARNT) thereby triggering toxicological response upon activation by halogenated and polycyclic aromatic 124 hydrocarbons (i.e. dioxins) (Claudel et al., 2007) .
125
In zebrafish, clock systems have been reported to be directly photosensitive and entrainable 126 by the light-dark (LD) cycle (Whitmore et al., 2000) and, in fact, comparison of the promoter 127 regions of these light-inducible genes has revealed the existence of D-box enhancer elements at 12 h: 12 h light-dark (LD) and temperature was kept constant at 25 ºC throughout the trial 155 using water heaters (H2 Therm 15W Micro Aquarium Heater, Tropical Marine Centre, UK).
156
Fish were hand-fed once a day ad libitum a commercial diet (Otohime B2 360-650 µM,
157
Marubeni Nisshin Feed Co., Ltd., Japan) at random times during daytime over a two-week 158 acclimation period and during the trial. The walls of all aquaria were covered with black 159 plastic sheets to prevent different groups of animals from seeing each other. 
168
To investigate daily and circadian rhythms of locomotor activity and gene expression, 169 zebrafish were initially kept under a 12:12 h LD cycle. Throughout the experiment, the 170 existence of a daily activity rhythm and its synchronization to the LD cycle was monitored.
171
To this end, locomotor activity was recorded by an infrared photocell (E3Z-D67, Omron, Kyoto, Japan) placed in each tank, 11 cm away from the bottom and 7 cm away from the 173 lateral wall. The photocells were connected to a computer, and every time a fish interrupted 174 the infrared light beam, it produced an output signal that was recorded and stored in 10 175 minutes bins using specialized software (DIO98USB, University of Murcia, Spain).
176
To investigate daily rhythms of gene expression in LD, after a two-week period, 42 fish 177 (n=7/tank, 6 tanks) were fasted for one day and then sacrificed by lethal anaesthesia (2-178 phenoxyethanol, 1 mL/L, Sigma) every 4 h during a 24 h period, at "Zeitgeber Times" (ZT) 179 2, 6, 10, 14, 18 and 22 (1 tank/ZT). Liver samples were obtained from each fish and 180 preserved in RNALater® (Sigma-Aldrich, Poole, UK). In darkness conditions, sampling was 181 performed using dim red light attached to the dissecting microscope.
182
To determine the existence of circadian rhythms of gene expression, the remaining 42 183 experimental fish (n=7/tank, 6 tanks) were kept under an LD cycle for an additional week and 184 then lights were switched off at ZT0. Fish were fasted and kept in continuous darkness (DD)
185
for 24 h and then sampled, starting at circadian time (CT) 2 (onset of the subjective day).
186
Samples were obtained every 4 h during a 24 h cycle (at CT2, 6, 10, 14, 18 and 22) . From 187 each fish, liver samples were also collected in RNALater®. integrity was assessed by agarose gel electrophoresis.
195
The relative expression of 26 genes was determined in liver from fish of all treatments: 4 196 clock genes (bmal1, clock1a, cry1a, per2) , 6 transcription factors (hlfa, tefa, tefb, dbpa, dbpb, arh2 ) and 16 detoxification genes (smtb, mt2, sod1, cyp1a, cyp1d1, cat, gpx7, gsr, gstt2, 198 gstt1a, gstr1, mgst3a, abcb4, abcc2, abcg2, sult2_st2 
Data analysis

223
The locomotor activity displayed by fish during the experiment was analyzed by a 224 chronobiology software (El Temps © v.1.179, Dr. Díez-Noguera, Barcelona, Spain).
225
The normalized expression values were generated by the ΔCt method (Pfaffl, 2001) Table) was determined applying a correction for efficiency to the raw Ct amplitude, Ω is angular frequency (360°/24h for the circadian rhythms) and Φ is acrophase.
237
The significance level was fixed at p < 0.05 for all the statistical analysis. 
248
Clock genes
249
Under LD, the expression of all clock genes investigated in the liver of zebrafish showed 250 significant differences during the 24 h cycle (ANOVA I, p<0.05) and daily rhythmicity, as 251 revealed by cosinor analysis (p<0.05). The daily rhythms of bmal1a and clock1a were in 252 phase with their acrophases only two hours apart, at ZT=11:11 and ZT=13:31 (Table 2) , 253 respectively, whereas the expression of cry1a and per2 peaked during the first half of the day,
254
in antiphase to bmal1a and clock1a ( Fig. 2A) .
255
In the absence of external zeitgebers (DD), the expression of all clock genes showed 256 circadian rhythmicity (Fig. 2B) , with acrophases within two hours apart from those observed 257 under LD (Table 2) .
259
Transcription factors
260
All PAR bZIP transcription factors except hlfa showed daily and circadian rhythmicity in 261 zebrafish liver (Fig. 3) . Under LD, the acrophases of tefb, dbpa and dbpb expression were 262 located in the second half of the night phase (ZT between 21:32-22:58) whereas tefa 263 expression peaked at the beginning of the day (ZT=01:19). Under DD, the acrophases of all 264 the rhythmic PAR bZIP transcription factors were located around CT23 (Table 3) .
265
No daily rhythmicity of ahr2 expression or significant differences between time points were 266 observed in zebrafish exposed to LD. However, cosinor analysis revealed the existence of 267 circadian rhythmicity in fish exposed to DD (acrophase at CT19:23; were detected (S3 Fig.) .
The present study showed that zebrafish displayed a diurnal pattern of activity and were able 285 to synchronize to the LD cycle, in accordance with previous behavioural studies carried out 286 in this species (Del Pozo et al., 2011; Hurd et al., 1998) . Overall, the expression of clock 
382
In the present study, six detoxification genes showed circadian variation in expression under against parasitic infections, it is important to take into account that the toxic uptake from the 414 water will also vary depending on the activity pattern of the fish and will be higher during the 415 day in diurnal species, thus inducing a more noxious effect at that time, as reported by Vera 
417
In conclusion, this study demonstrated that the expression of PAR bZIP and bHLH-PAS All parameters are expressed as the mean value ± standard error (SE). All parameters are expressed as the mean value ± standard error (SE). NS=non significant. Table S2 Table   621 Details of reference genes used for qPCR. Expression stability was assessed according to BestKeeper (Pfaffl et al., 2004) 
